
REMARKS 

Favorable reconsideration is respectfully requested. 
The claims 1-3, 6 and 7. 

The above amendment is responsive to points set for in the Official Action. 

With regard to Official Action paragraph 2, in the specification, the pressure is given in bar; 
see Table 1. However, at page 7 it is mentioned that the oxygen partial pressure difference can be 
6-7 decades or more across the membrane. In this connection decade means: order of magnitude, 
which definition has been inserted in the specification. No new matter is involved. In this regard, see 
the definition of "decade" in Webster's Third New International Dictionary, page 583 (1971), 
attached. 

Claims 1-3, 6 and 7 have been rejected under 35 U.S.C. 102(b) as anticipated by the 
disclosure of either one of the following references as applied in the Norwegian Search Report: (1) 
Mazanec et al. (5,306,41 1) or (2) Thorogood et al. (5,240,480) or (3) Mazanec et al. (5,714,091) 
or (4) EP 0,438,902 or (5) NO 306014. 

This rejection is respectfully traversed. 

U.S. 5,306,411 (1) describes a membrane formed with a perovskite. Said membrane, 
however, does not include Al (aluminum) in contrast to the membrane according to the present 
invention. The membrane according to the present invention is represented by the formula as shown 
in claim 1 where y' > 0, i.e. the membrane shall include aluminum. 

The membrane according to the present invention is also not disclosed or suggested by US 
5,240,480 (2). According to (2) the ratio between the A-type and B-type cations shall be 1, while 
said ratio shall be greater than 1 for the membrane according to the present invention; i.e. v/w > 1, 
while in (2) x + x' + x" = 1 and y + y' + y" - 1 . Please note page 1 1 , line 3 1 - page 1 2, line 2 1 in the 
present specification where it is explained why it is important that said ratio be greater than 1 . 

Similarly, this is also true for the material described in US 5,714,091 (3). Said ratio shall be 
1. Furthermore, the material disclosed in (3) does not include aluminum. 
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The material disclosed in EP 438902 (4) and NO 306014 (5) is identical to the material 
disclosed in (1) and (3), respectively. Hence, no further comments are necessary for these two 
references. 

Claims 1-3, 6 and 7 have been rejected under 35 U.S.C. 102(b) as being clearly anticipated 
by the disclosure of (6) Cable et al. (US 5,910,238), specifically at Table 1. 
This rejection is respectfully traversed. 

US 5,910,238 (6) describes mixed metal oxides represented by the formula 
(A 1 . a A' a )(B b B' l . b )0 3 . c 

consisting of a wide range of elements and compositions. Strictly speaking, the nomenclature of this 
formula restricts compositions to those having a 1 : 1 ratio of A-type and B-type cations, since 1 - a 
+ a = 1 - b + b = 1 . A, A', B and B' clearly represent elements, but are apparently also confused with 
numbers. Presumably, 0.9 <; (A + A')/(B + B') < 1 . 1 , which therefore strictly speaking is meaningless, 
indicates a range in the A-type to B-type cation ratio. 

The compositions claimed in (6) encompass a total number of 36 elements. The formula 
describes hundreds, if not thousands, of mixed metal oxides described in the literature prior to the 
date of filing. 

Given the general nature of the formula of reference (6), it is true that the formula 
encompasses the compositions described by the present claim 1 . However, to translate this formula 
to the compositions described by the present claim 1, the following restrictions have to be made: 

- A contains not a mixture of cations, but only one. 

- A 1 contains not a mixture of cations, but only one. 

- b - 0 (i.e. B is absent). 

- B' contains not less than two cations and not more than three. 
-0<a< 1. 

After applying these restrictions, A may still represent any one of 19 elements, A' any one of 
6 elements, and B' any combination of two or three from a selection of 10 elements. Hence, applying 
all these restrictions to the general formula of (6), a total of 1 9 x 6 x (45 + 1 20) = 1 88 1 0 combinations 
remain. Of these 18810 combinations only two coincide with the compositions of present claim 1. 
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It is common knowledge that among the countless compositions encompassed by the general 
formula of (6), there are countless compositions that may be used to transport oxygen in a laboratory 
experiment. However, confronted with the task of identifying a composition for use in an industrial 
application, the challenge is of a different nature than merely picking any of these countless 
compositions. The present patent application claims specific compositions as a result of 
demonstrating in a detailed and thorough manner the advantages of certain compositional features. 
This demonstration shows why the vast majority of compounds encompassed by a general formula 
like the one given in (6) are not useful as oxygen membranes. 

One of the most important and novel features of the present invention is the demonstration 
of the importance of the A/B cation ratio of the perovskite A A B B 0 3 . Normally this ratio equals one. 
(6) claims compositions with 0.9 <; (A + A')/(B + B") <; 1.1. However, according to Table 1 of (6), 
preferably 0.99 ^ (A + A')/(B + B 1 ) < 1.01. Hence, an intention to deviate from the normal ratio of 
1 is not demonstrated by this reference. The present invention, however, demonstrates that mixed 
metal oxide perovskites with A/B cation ratios equal to one will be unstable to kinetic decomposition, 
while those with ratios higher than one will be stable. The A/B ratio therefore will have a strong 
influence on the lifetime of a membrane. 

Thus, reference (6), with its countless compositions, does not anticipate or suggest the 
specific composition of the present application. In (6) no information or knowledge regarding 
properties of compositions is communicated, other than a categorization of compositions into, on one 
hand "electronic conductors", and on the other "ionic and mixed ionic/electronic conductors". In fact, 
the compositions of the general formula encompassing the compositions of present claim 1 , are listed 
as electronic conductors in Table 1 of (6). In sum, (6) does not anticipate or suggest the composition 
of present claim 1 as an oxygen membrane. Therefore, given the information in (6), the composition 
of present claim 1 would not be expected to be useful as an oxygen membrane but at best, an 
electronic conductor. 

For the foregoing reasons, it is apparent that the rejection on prior art is untenable and should 
be withdrawn. 

No further issues remaining, allowance of this application is respectfully requested. 
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If the Examiner has any comments or proposals for expediting prosecution, please contact 
undersigned at the telephone number below. 

Respectfully submitted, 
Turid RISDAL et al. 

Bv: &d*U45fcfi\, 

Matthew Jacob 
Registration No. 25,154 
Attorney for Applicants 

MJ/abm 

Washington, D C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
April 1,2003 
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are inherently unstable as perovskites and that a great number of compositions 
encompassed by WO97/41060 are inherently unstable as brownmillerites under all 
conditions relevant to membrane processes. Furthermore, a large number of the : 
compositions encompassed by US 5,306,411, US 5,712,220, and WO97/41060 
are characterised by low or zero oxygen flux under all conditions relevant to 
membrane processes. 

The main object of the present invention was to arrive at an improved membrane 
showing good stability against reaction with carbon dioxide and against reduction : 
of oxide components to metal. 

Another object of the present invention was to arrive at an improved membrane ■ . 
showing stability against kinetic decomposition and resistance to mechanical, : 
failure due to chemical expansion stresses. 

The inventors found that a certain class of multicomponent metallic oxides are | 
particularly suited as membrane materials in processes in which the membrane is 
subje^ala^emial gradient, e.g. oxygen partial pressure difference of ! 
6-7 deea^ /or mofe across the membrane. These compositions overcome 
problems associated with kinetic decomposition. Additionally, due to their low 
chemical expansion and high stability against carbon dioxide and water, these 
materials are particularly suited as membranes for the production of syngas and j 
for fossil energy conversion with economical C0 2 abatement. 

The compositions according to the present invention are based on the so called 
perovskite structure, named after the mineral perovskite, CaTi0 3 , but the cation 
stoichiometry is different from the ideal perovskite, and it is this difference that 
gives the compositions according to the present invention superior stability in a 
potential gradient. Furthermore, the process conditions associated with the 
production of syngas or fossil energy conversion with economical C0 2 abatement 
limit the selection of elements of which the perovskite membrane can consist. 
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Following the discussion and further limitations hitherto, the membrane material 
possessing the perovskite structure for use in said processes, must have a 
composition represented by the formula: 



(La 1 . x Ca,)v(Fe.. y .yTi )f AV) w O 



3-d 



wherein x, y, y\ v, w, and d each represent a number such that 0 < x £ 1 , 0 s y < 1 , 
0 < y < 1, o < (y + y) < 1, 0.9 * v <M, 0.9 <; w <M, and d equals a number thai 
renders the compound charge neutral and is not less than zero and not greater 
than about 0.8, and preferably 0.95 < v < 1 and 0.95 s w < 1 . 

® Stoichiometric perovskite compositions represented by said formula, i.e. v = w - 1 . 
are kinetically unstable when subjected to large gradients (6-7 
the oxygen partial pressure. The kinetic decomposition that occurs in these 
materials gives rise to the formation of decomposition products on at least one of ' 
the membrane surfaces and a decrease in the oxygen flux with time. Such kinetic 
decomposition in the stoichiometric perovskite materials is exemplified by the 
present examples 12 and 15 and Figures 4, 8, 9, and 10. Kinetic decomposition 
becomes more pronounced when w > v. Therefore, stoichiometric perovskites (v = 
w), or perovskites with A-site deficiency (w > v) represented by said formula can 
not be used as membranes in said processes. 

The exclusion of stoichiometric and A-site deficient perovskites, excludes the use . 
of the compositions of US 5,712,220 and WO97/41060, and excludes the use of : 
the preferred compositions of US 5.306,41 1 referenced in the "Background of the 
invention", as membranes in the said processes. Said compositions of US 
5,712.220, US 5,306,411, and WO97/41060, are expected to decompose in the 
large oxygen partial pressure gradient of said two processes, resulting in 
decreasingly poor oxygen permeation and eventually to cracking and complete 
breakdown of the membrane. 
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EXAMPLE 24 

OXYGEN PERMEATION TEST OF A-WWeutiTUttQw MEMBRANE 
An oxygen permeation test is conducted according to the procedure described in 
Example 11, except a membrane disk of a composition represented by the formula 
Lao.o 5 Cao.95Feo.i45Ti 0 .8250 w is used. Fig. 14 shows a ternary diagram of the system 
LaFe w O^CaTiw0 3 -<r-CaFe w 03^. The composition of the material is located near 
the CaTiwO^- apex of the ternary system, at the point marked n B n . Low electronic 
conductivity, especially at low oxygen partial pressures is characteristic of 
materials with compositions in this region, and a low oxygen flux is measured. 



EXAMPLE 25 

OXYGEN PERMEATION TEST OF A Lao^Cao^Feo^Tio^O^ MEMBRANE 
An oxygen permeation test is conducted according to the procedure described in 
Example 11, except a membrane disk of a composition represented by the formula 
La 0 ^sCao.7 5 Feo.63Tio^40^ is used. Fig. 14 shows a ternary diagram of the system 
LaFe w d3^rCaTi w 0 3 ^-CaFew0^cr. The composition of the material is located near 
the centre of the ternary system, at the point marked "C". Ordering of oxygen 
vacancies and cations is characteristic of materials within the system with 
compositions with CaFe w 0 3 ^ content higher than a limit depending on the 
temperature and oxygen partial pressure. The obtained oxygen flux decreases 
with time as the ordered phase forms. 

These Examples demonstrate that the oxygen separation membranes of the 
present invention are particularly suitable as membrane materials in processes in 

partial 
Compared with 

compositions known in the prior art, these compositions offer improved resistance 
to kinetic decomposition and reduced chemical expansion, as well as improved 
stability against reduction to metal and reaction with carbon dioxide and water. 
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Claims: 



1 - A solid multicomponent membrane for use in a reactor ijh^v^ 
Qcjraj. a c.t o r i o - c d in t h -^t 

the membrane comprises a mixed metal oxide having a structure 
represented by the formula: 

LaiXaxCFei^yTiyAWwOsHi 

wherein x, y, y\ w, and d each represent a number such that 0.1 < (y+y*) < 
0.8, 0.15 < (x+y') < 0.95, 0.05 < (x-y) < 0.3, 0.95 < w < 1, and d equals a 
number that renders the compound charge neutral and is not less than zero 
and not greater than about 0.8. 

2. jc membrane according to claim 1 , L^Us^u, 
- charac t er i-s-e d in th at 

the x f y, y\ w, and d each represent a number such that 0.15 < (y+y 1 ) < 0.75, 
0.2 < (x+y') < 0.9, 0.05 < (x-y) < 0.15, 0.95 < w < 1, and d equals a number 
that renders the compound charge neutral and is not less than zero and not 
greater than about 0.8. 



3. Arnembrane according to claim 1 , U^-^y 
^ ul lai 'a CLUi i\l>c * d in ll4u t 
0 < y < 0.75 and 0 < y' < 0.3. 



<^^K Use of the membrane according to claims 1- 3, in a reactor for generating 
heat by oxidation of a carbon containing fuel to C0 2 and H 2 0 on the oxidation 
side of the membrane reactor. 
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